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POTASH and POTATOES 


In agriculture, the cheapness of production depends largely 
upon the fertility of the soil. Potatoes are greedy feeders on 
potash. They use more of this plant food than nitrogen and 
phosphoric acid combined. To grow a good crop of No. 1’s, 


soil and fertilizer must supply at least 200 Ibs. of available 
potash (actual K,O) per acre, Consult your official agricultural 
adviser or experiment station about the fertility of your soil. 
Write us for information and literature on how to fertilize 
your crops. 


American Potash Institute, Inc. 


1102 SIXTEENTH ST., N. W. WASHINGTON 6, D. C. 
Member Companies: 
American Potash & Chemical Corporation 
Potash Company of America ® United States Potash Company 


THE “STANDARD” 


Potato and Onion Grader 


Not only “STANDARD” but “SUPERIOR” in 
Economy, Accuracy, Speed, and Adaptability. 


More Boggs Graders in use than all other makes 
combined—there must be a reason. Send for our 
new circular and price list. 


BOGGS MFG. CORP., Atlanta, N. Y. 
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Yes sir, you can’t beat ~ 


ey) 
DITHANE 
| 


for dependable, 
low-cost potato 


blight control 


I know that regular use of DiTHANE keeps my 
potatoes free of early and late blight. Another 
thing I am sure of with DITHANE—at digging 
time I’ll get plenty of number ones. 


With DITHANE it is no problem to keep potatoes 
healthy and free of blight. Just spray or dust 
DITHANE regularly, and watch your vines grow 
strong and vigorous. As for me—I am a spray 
man from way back. It makes you feel good 
to see how those vines grow. And best of all— 
when you stack up the low cost of DITHANE 
against the fine yields you'll get, I believe 
you'll agree— 


You can’t beat 
DITHANE for CHEMICALS FOR A AGRICULTURE 
dependable, low- 

cost blight control | ROHM & HAAS 
DITHANE is @ trade mark COMPANY 


Reg. U.S. Pet. OF. end in WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
principal foreigncountries. 
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| STANDOUT PROTECTION 


For Your Potatoes! 


Widely used in potato-growing areas from coast to coast, 
these General Chemical spray materials have a reputation 
for standout field performance against “bugs” and blights. 


GENITOL* EM 25 Potato Spray 


| 25% DDT Emulsifiable Concentrate 


FOR ALL COMMON POTATO IN- 
SECTS— Mixes easily. One gallon 
makes up to 800 gals. of spray. 
May be used with copper fun- 
gicides such as “530” Spraycop. 


GENICOP* SPRAY POWDER 


25% DDT—72% Basic Copper Sulfate 


EXCELLENT COMBINED PROTEC- 
TION against insects and dis- 
eases. Has exceptionally high 
potency. Especially made for 
better coverage, higher “kill.” 


“930" SPRAYCOP* 


q 53% Neutral Copper Fungicide 
“340” SPRAYCOP*, with spreader- 
adhesive, 34% Neutral Copper Fungicide 


FOR BLIGHT CONTROL—Micron- 
particle; easy-to-use... no pre- 
liminary mixing necessary. Ex- 
cellent covering and wetting 
qualities. 


GENITOX* S-50 and $-75 


i 50% and 75% DDT Spray Powders 


FOR ALL COMMON POTATO 
INSECTS—Micron-particle; wet 
ana disperse readily in hard or 
soft water. Processed for maxi- 
mum deposit, minimum run-off. 


GENITHION* P-15 and P-25 
SPRAY POWDERS 


Contain 15% and 25% Parathion 
FORMULATED TO REDUCE DUST 


HIGHLY EFFECTIVE FOR APHIDS— 
Also Colorado potato beetle, 
leafhopper, flea beetle. Fine par- 
ticle size gives better coverage. 


| EM 5-25 
’ PARATHION-DDT EMULSIFIABLE 


Contains 5% Parathion; 25% DDT 


EASY TO MIX—This emulsifiable 
liquid concentrate combines ef- 
fectiveness of Parathion and 
DDT in one spray material. 


Order from your Orchard Brand dealer now! 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. 
Offices: Albany « Atlanta Baltimore Birmingham Bostor 
t Houston Jacksonville WKalamazex Leos Angeles 
Mir 4 New York Philadelphia « Pittshurch Providence 
St. Lowis San Francisco Seattle ¢ Yakima (Wash. 
In Wiscemsin: General Chemical Company, In Milwaukee, Wis. 


In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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DRYING POTATOES FOR FEED IN A DIRECT-FIRED, ROTARY 
DRIER. ECONOMIC FEASIBILITY OF THE PROCESS!': 


Pact W. Epwarps, A. Horrscu, C. S. Reprieip 
AND Roprerick K. Eskew 


This paper deseribes a method of converting white potatoes to stable 
form in which they may. be conveniently stored, shipped and used for 
feed or as raw material for industrial fermentations. 

The Bureau of Agricultural and Industrial Chemistry Circular 
AIC-209, “Producing Feed and Flour from White Potatoes with Steam 
Tube Driers.” describes a method developed at the Eastern Regional 
Research Laboratory by which idle equipment in distilleries or other 
plants can be used. That process requires steam, which usually is not 
available at potate storage plants in sufficient quantities to operate steam 
tube driers. 

1 Accepted for publication December 13, 1951. 

“Eastern Regional Research Laboratory, Philadelphia 18, Pa. 

One of the Laboratories of the Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, Department of Agricluture. 
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The method deseribed in this paper uses a direct-fired, rotary drier. 
lhese driers are simple to operate and are widely used for drying farm 
crops and require no source of steam. In the northern states where potato 
storage facilities are available, potatoes could be dried from October 1 
through May and forage crops or vegetable wastes (1) could be dried during 
the summer. This permits the use of the plant throughout a large part of 
the vear and thus reduces the cost of making the products. 


(GENERAL DESCRIPTION OF PROCESS 


The process consists essentially of the following steps: (1) Wash the 
potatoes; (2) grind them in a hammer mill; (3) continually mix the 
ground potatoes with some of the dried product; (4) dry the mixture 
in a cirect-fired retary drier; (3) sereen the dried potato to remove the 
fines before recveling to the mixer; (6) then bag the remainder of the 
coarse material and all the fines as product. 


REQUIREMENTS AND OF THE PROCESS 


It is assumed that the potatoes have an average moisture content of 
SO per cent. [It ts also assumed that the potatoes will be delivered to 
the factory from an adjacent storage plant by means of an underground or 
totally enclosed screw convevor; hence, no storage facilities are provided. 

The equipment is that required for a factory processing 62 tons of 
potatoes in 24 hours and producing 13.8 tons of feed containing 10° per 
cent miormture, 

Hashing: The potatoes are conveyed to the washer by a 9%-inch 
screw conveyor equipped with a speed controller. A washer (3) such 
as that ordinarily employed in potato starch factories is well suited for 
this purpose. This consists of a U-shaped trough divided into sections 
and equipped with rotating paddles, which keep the potatoes in rapid 
metion and htt them from one compartment to the next, while water 
flows continually through the washer. The stones and much of the dirt 
settle to the bottom of the trough and are periodically removed by flushing. 
Stones must be removed to prevent damaging the hammer mill and 
pumps. \ trough approximately 2! feet in diameter and 25 feet long with 
four compartments will wash 62 tons of potatoes in 24 hours thoroughly. 

Grinding: To reduce the potatoes to a form suitable for drying, they 
are ground ma hammer mull equipped with a screen having holes 3x tnch 
im chameter. Ordinary blunt hammers may be used. One mill 6 inches wide 
by 12 inches in diameter driven with a 7% horsepower motor should 
have sufficient capacity. The speed of the mill should be sufficient to 
give a hammer tip speed of approximately 6500 feet per minute. Much 
lugher tip speeds may require a coarser screen to avoid too fine a product. 

The ground potatoes are discharged into a 300-gallon wooden tank 
equipped with a slow-moving, paddle-type agitator, which prevents the 
solids from settling. This tank holds sufficient ground potatoes to operate 
the drier for nearly one-half hour and serves as a reservoir in case repairs 
must be made to the washer or hammer mill. 

Mixing: To prevent the material from sticking to the drier or forming 
balls that cannot be satisfactorily dried, the moisture must be reduced to 
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FEED FROM GROUND WHITE POTATOES 


DIRECT FIRED ROTARY DRIERS 


FROM STORAGE 


62 TONS PER Day 
80 % MOISTURE 


10% MOISTURE 
pRODUCT 
(COOLING. 
GING ET 
- (AIR INLET 


Fig. 1.—Diagrammatic sketch of equipment layout 
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approximately 42 per cent. This is accomplished by continuously recycling 
a sutherent quantity of tu led product and muxing it with the ground 
potatoc rience ha own that this cannot be satistactorils accom 
plished, even with good mixing. in less than 4 minutes; a period of 6 
or 7 minutes is preferable. With proper mixing and a sufficiently long 
retention time to permit the dried material to rehvdrate, the mixed 
product when squeezed in the hand will form a ball that crumbles easily, 
and Wt dropped from a height of only 3 feet will break into small pieces. 
For the proposed factory a paddle-type mixer-convevor 20) inches in 
(hameter and 50 feet long is required. To conserve floor space, this mixer 
may be made in two sections, 20 and 30 feet long, respectively, with one 
section located above the other. A  10-horsepower motor is required to 
drive the mixer. The mixer-convevor must be equipped with adjustable 
paddles so that a retention time of 6 to 7 minutes can be obtained. .\ 
variable-speed, positive-delivery pump of a type that will not) further 
disintegrate the potatoes is required to convey the ground potatoes, and a 
screw conveyor with a speed controller is required for metering the dried 
product to the mixer-conveyor. These permit close control of the wet stock 
fed to the drier. 

With potatoes and products containing 80 and 10 per cent moisture, 
respectively, the pump must deliver 5160 pounds oft ground potatoes and 
the metering conveyor 6130 pounds of dry product each hour to. the 
nixer-convevor. 

Drying: The drier used in our investigations was a small, commercial- 
size, multipass, oil-tired rotary drier, of the type commonly used to dry 
alfalfa, The rotating body, 16 feet long, is made up of three concentric 
evlinders, 2'2, 5 and 7 feet in diameter, respectively. The inner cevlinder 
is the combustion chamber. The oil burner is mounted at one end of this 
evlinder, and protrudes from the main body. The drying air, drawn in 
by an exhaust fan through openings adjacent to the burner, is heated by 
nuxing with the products of combustion. 

Phe material from the mixer-conveyvor is carried to the top of the 
drier, where it falls into the serew feeder, which carries it into the drier. 
Here it meets the heated air and products of combustion and is carried by 
them through the annular spaces of the drier to an exhaust fan. The gases 
and dried product trom this fan are delivered to a evelone separator 
adjacent to the drier, The hot gases escape through the top of the separator, 
and the dried material falls through the bottom. Here a stream of cold air 
trom another fan picks up the dried material and conveys it to a cooling 
evelone separator. From the bottom of the second separator, the dried 
material falls into a vibrating screener. 

Pests made with this drier, with an inlet gas temperature of 1200°F., 
produced a product that was not scorched and had a good potato odor. 
During this test. the feed rate used gave an exit gas temperature of 
approximately 210 °F... and the product contained less than 10 per cent 
morsture. An imilet gas temperature of 1200° was about as high as could 
he obtained with our drier. It is possible that this material might be dried 
at higher mlet gas temperatures without scorching, and thus increase the 
capacity ot the plant and reduce the cost of making. 

Drving tests made in our drier gave over-all thermal efficiencies of 
nearly SO per cent, which is good for a drier of this type. 
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Calculations based on our experience with the 7 x 16 feet multipass 
retary drier show that a triple-pass rotary drier & x 24 feet will evaporate 
4010 pounds of water per hour from potatoes prepared im the manner 
described, with an inlet gas temperature of 1200°F. A drier having this 
evaporative rate will dry 62 tons of potatoes having SO per cent moisture 
to 13.8 tons of product at 10 per cent moisture in 24 hours. Presumably 
other properly designed driers of the rotary type, single or multiple-pass, 
could be employed. 

The fans and cyclone separators in this drier must handle 7280 
pounds per hour of dried material, weighing about 43 pounds per cubic 
foot, because of the reeveling technique. The fan for the cooling system 
normally furnished on rotary alfalfa-tvpe driers may not be large enough 
to convey this amount of dried material. The cooling fan on our drier did 
not have sufficient capacity to handle all the dried potatoes when the drier 
was operated at 1200°F. For these reasons, the drier manufacturer should 
be consulted regarding both fan and cyclone separator requirements for 
the cooling svstem. To prevent the production of a large amount of fines, 
and to reduce the possibility of dust explosions and fires initiated by foreign 
material striking the fan, it is recommended that the material be sucked 
rather than blown through the system. This can be accomplished by 
connecting both the hot and cold evelone separator fans to the gas discharge 
side of the cyclone separators, which will require the use of air locks on 
the bottom of both evelone separators. 

Sereenmg: The 100-mesh fines must be removed from the dried 
material which is recycled in order to reduce the posstbility of having a 
dust explosion or fire. This is accomplished by removing all the 100-mesh 
fines from the dried material as it comes from the cooling evelone 
separator. For the 62-ton plant. a vibrating screener equipped with a 
100-mesh sereen approximately 3'. feet wide and & feet long supported 
by a coarse backing screen should have sufficient capacity to handle 7280 
pounds per hour of dried material. 

The coarse material which goes over the screen falls into a hopper. 
Part of it is reeveled by a metering conveyor to the mixer-convevor. The 
remainder passes to the bagging bin, where it is combined with the tines 
from the sereener and then 1s bagged as product and stored. 


Costs 


To have definite figures on all items entering into the cost calculations, 
a specific area for the plant was chosen. Aroostook County, Maine, was 
selected because of the large quantities of potatoes grown there and 
because of the shortage of feeds produced in that area. It is also reported 
that dairy cattle and poultry are being raised there in increasing numbers. 

The following assumptions are made. The factory will be operated in 
conjunction with existing potato storage operations. Therefore, no charge 
for land, roads or railroad siding is included in the capital costs. Further- 
more, no fees for storage of the raw potatoes are included in the costs. 
The building proposed is of wood construction. The plant will dry potatoes 
24 hours a day. 6 davs a week, from October 1 to May 31. Parts of the 
plant will operate from June 15 to August 31, drying clover or other forage 
crops. The factory will operate 210 working days on potatoes and 66 
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working davs on clover. This is a total of 276 working days per vear. 
Such a plant located in an area where vegetables are grown commercially 
could be used in summer for drving vegetable wastes. 

The faetory will produce 13.8 tons of potato feed containing 10 
per cent moisture per 24-hour day. This production will require 62 tons 
Of potatoes. On a vearly basis this plant can produce 2898 tons of feed 
trom 12.999 tons of potatoes. The capital costs for this plant are shown in 


table 1. and costs to make potato feed are given in table 2. 


Tarte 1.—Capital costs 


Site preparation 
Building, wood frame construction, 50 x 65 ft. and 15 ft. high 25,350 
Boiler, heating 530 
Equipment, manufacturing 
Conveyor, screw, metering 2,700 
Washer 1,030 
Conveyor, flight 705 
Hammer mill 835 
Tank, wood and agitator 690 
Pump, positive delivery 485 
Conveyor, metering 655 
Mixer-conveyor 3,840 
Drier 18,325 
Vibrating screen 1,730 
Collecting hopper 200) 
Bagging head 130) 
Trucks, scales and small tools 205 
of equipment, manutacturing 7,910 
Piping and ductwork 215 
Erection of piping and ductwork 170) 
Heating 1,220 
Light installed 725 
Power installed 2 800 
Freight on equipment 630 
Office turniture and fixtures 515 
Contingencies 9 265 
Engineering fees 11,120 


Potal fixed capital 92 685 
Working capital 18,540 


Potal ¢ apital 


When cull potatoes are available at the plant for 25 cents per hundred- 
weight, the cost to make a ton of product would be $52.59, 

No general cost estimate of this type will exactly fit the conditions of 
any prospective manufacturer. With an understanding of the assumptions 
upon which the estimate is based, however, a manufacturer should be able 
to make a reasonable estimate of his own costs. 

It should be emphasized that the capital costs given here and the 
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TABLE 2.—Daily cost to make potato feed. 


Prime cost 


Raw materials Nil 
Labor $108.00 


otal 108.00 


Indirect materials 
Bags 


66.24 


Factory overhead 
Indirect Labor 


Supervision 26.84 
Watchmen 1.88 
Office help 8.48 
Truck operator 10.00 
Total indirect labor 
Indirect expense 
Insurance 1.68 
Taxes 6.72 
Interest, fixed capital 16.79 
Social security 2.16 
Workmen's compensation 1.60 
Unemployment insurance 4.66 
Depreciation 23.34 
Maintenance, repairs and renewals 20.15 
Vacation time 1.30 
Power 20.47 
Steam 92 
Oil, fuel 50.16 
Water 7.75 
Gasoline 6.00 
Factory supplies 1.15 
Total indirect expense 164.85 
Total factory cost 386.29 


Interest on working capital 2.76 2.76 


Administrative and general expense 26.25 26.25 


Total 


cost to make 415.30 | 


Production rate, tons per day 13.8 


Cost to make, dollars per ton 30.09 


cost per ton for producing the products are based on the use of a new 
building and the purchase and installation of new equipment. 


Economic FEASIBILITY OF THE PROCESS 


It is of prime importance to know whether that factory, when operated 
S$ months on potatoes and 2% months on clover or other materials, can 
make a reasonable profit. This should depend on the feed value of dried 
potatoes as compared with corn, and will depend upon the price paid 
for cull potatoes. The following is an analysis of potato feed made at the 


Eastern Regional Research Laboratory by the process described. 
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Per cent 
Moisture 6.90 
Protem (N x 6.25) 11.64 
liber 2.41 
bat 12 
\sh 5.32 


Carbolivdrate (by difference ) 73.61 


Information compiled by Allender (2) on the feeding of dairy and beet 
cattle, lambs and swine showed that when dried potatoes were used as 
part of the rations to replace part and, in some instances, all the corn 
or other grains in the rations, the animals responded satisfactorily. In one 
experiment with lambs, one lot was fed dried cubed potatoes, which 
constituted the only concentrate in the ration. As compared with whole 
corn, the dried cubed potatoes fed alone produced 7 pounds more gain 
per lamb during the 84-day feeding period, and consumption of the 
cubed potatoes and alfalfa hay was lower per 100 pounds of gain, in 
comparison with the lot receiving corn. In this test, based on only one 
lot of lamb for 1 vear, the cubed potatoes proved to be worth one-third 
more than whole corn. 

Feeding tests (4) have shown that there was no effect on the live 
weight or the dressed weight of White Pekin ducks, marketed at 9 
weeks of age, when 20 per cent of potato meal was substituted for 20 
per cent of corn meal, 20 per cent of wheat standard middlings, or 10 
per cent of corn meal plus 10 per cent of wheat standard muiddlings. There- 
fore, in LOO) pounds of control ration containing 30 pounds of vellow 
cormmeal and 25.0 pounds of wheat standard middlings, 20 pounds of 
dried potato feed could be substituted for 20 pounds of corn meal, 20 
pounds of wheat standard middlings, or 10 pounds of corn meal plus 10 
pounds of wheat standard middlings. Thirty per cent of potato meal is 
probably the maximum amount that could be fed under these conditions, 
since there was some indication in one trial that when 30 per cent of potato 
meal replaced 15 per cent of corn meal plus 15 per cent of wheat standard 
nuddlings, the weight was slightly reduced. In these tests, there seemed 
to be no ditference between the potato feed prepared at the Eastern Regional 
Research Laboratory and air-strip dried potato meal. 

These data indicate that dried potatoes, corn, and corn meal are 
almost equal in value for the feeding of livestock. 

Based on the assumption that dried ground potatoes are equal to 
corm as feed, table 3 gives the manufacturer's profit on the fixed investment 
(S02.085) atter deductions for sales expense and income tax, when cull 
potatoes are available at 25 cents per hundredweight. 

Fable 4 shows the price that the manufacturer can pay for cull potatoes 
and realize 15 per cent net profit on fixed investment after pavment of 
sales expense and income tax. 

From table 3 it is apparent that corn must sell at $2.00 a bushel 
to enable a potato feed manufacturer to make a reasonable profit. 14 per 
cent, on his tixed investment. This presupposes that he must pay 25 cents 
per hundredweight tor cull potatoes delivered to the plant. If corn should 
sell for $3.00 a bushel, his profit would be 53 per cent. 
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Corn or Potato 
When Corn Sells at Feed j z ne Pront Based on Fixed Investment* 


$/Ton Per cent 
62.48 
71.40 
89.25 
98.18 
107.10 


* When cull potatoes are available at 25 cents per ewt. 
Tarte 4 


Corn or Potato 
When Corn Sells at Feed a he os Manutacturer Can Pay tor Cull Potatoes* 

$ Ton 

1.11 

296 

4.8] 

8.51 

YS.18 10.36 
107.10 12.21 


*Based on 15 per cent profit on fixed investment after payment of sales expense and 
mcome tar 


lf the manufacture of potato feed is an enterprise owned by potato 
growers, they could sell cull potatoes for prices shown im table 4, cor- 
responding to the current corn price, and also obtain 15 per cent return 
on the factory fixed investment. For example, an increase in the price of 
corn from $2.00 to $3.00 a bushel would increase the value of culls from 
24 cents to 61 cents a hundredweight. 

It should be emphasized that the data shown in tables 1, 2, 3 and 
4+ are based on a factory that will make potato feed 24 hours a day, 6 
days a week, for 8 months each vear from potatoes having a moisture 
content of 80 per cent. It will also dry other materials during 2% months 
each vear. It is assumed in tables 3 and 4 that potato feed is equal to 
corn in feeding value. 

Usually, it is difficult to sell a new feedstuff at a price justified by 
its feeding value. Potato feed is a good example of this. It has been 
established by large-scale duck feeding experiments (4) that potato feed 
can be substituted for corn meal to approximately 20 per cent of the ration. 
The average price paid by New York State farmers June 15, 1951, for 
corn meal (5) was $4.25 per hundredweight, or $85 per ton. Obviously, 
potato feed should have been of equal value for feeding ducks. However, 
a recent survey made on Long Island, New York, where both potatoes 
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and ducks are plentiful, showed that potato feed could not be sold for 
that price. It was reported that a large feed mixing plant paid only $40 
per ton for air-dried potato slices. This material, when ground, is equal to 
corn meal for feeding ducks (4). It is obvious that in addition to technical 
“know how,” a good merchandising program is required to make the 
artiheml drying of potatoes for feed profitable. 

In many potato growing areas, it is not feasible to store potatoes 
for & months. In order to make potato feed profitably in these areas, by 
the method deseribed, potatoes could be dried in available direct-fired, 
rotary driers used chiefly for some other purpose. For example, a drier 
used in the summer for drying alfalfa, could be used with auxiliary equip- 
ment tor drying ground potatoes after the alfalfa season. By distributing 
some of the costs over a longer operating period, it is reasonable to expect 
that both the cost of drying alfalfa and the cost of making potato feed 
would be reduced considerably. 


SUMMARY 


A practical method has been developed for making potato feed with 
a direect-fired, rotary, alfalfa-tvpe drier. 

\ plant processing 62 tons of potatoes daily would produce about 
13.8 tons of feed, at a cost of about $30.09 per ton. This plant would cost 
about $92,500. Tf cull potatoes are available at 25 cents per hundredweight, 
the cost to make a ton of product would be about $52.59. Based on the 
assumption that dried potatoes are equal to corn in feeding value, if corn 
sells at $2.25 per bushel, a Maine potato feed manutacturer might realize 
a profit of approximately 24 per cent on his fixed investment after payment 
of sales expense and income tax. These estimates are based on & months’ 
operation on potatoes and 2!) months on drying other crops or vegetable 
field wastes. 

Since potato feed is a relatively new commodity, a good sales promotion 
program wall be required to enable it to compete with corn. 

Potato feed should be made more profitably in areas where there 
are established drying plants, alfalfa dehydrators, by operating in 
conjunction with them 
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RELATION OF WATER SUPPLY TO XYLEM DISCOLORATION 
OF POTATO TUBERS CAUSED BY VINE KILLING! 
Wa. G. Hoyman? 


A discoloration of potato tubers was observed in) North Dakota in 
1946 (11) following the killing of the vines by chemicals and mechanical 
methods. Other workers (1, 2, 3, 4, 5, 6, 16, 18, 19, 20, 22, 23, 24, 25, 26) 
and the author (12, 13) have reported this abnormality at various places 
throughout the United States and Canada where potato vines were 
elinunated before harvesting. 

The most prevalent symptom consisted of a brown discoloration of the 
xvlem. In some instances the adjacent parenchyma was also discolored. 
The extent of the affection within tubers varied but was generally confined 
to the stem end. Among the various forms of internal tuber discoloration 
described in the literature that might be confused with this injury are 
stem-end browning caused by /'usarium species, the vascular discoloration 
resulting from verticillium wilt, and frost necrosis of the ring type (14, 15). 
Edson (7) regarded some of the stem-end browning of vascular tissue as 
physiological, even in cases in which it extended well into the tubers. 
The stem-end browning and internal mahogany browning reported from 
Maine (&, 10) and the physiological internal necrosis that occurs in 
Wisconsin (17) are quite distinct from the discoloration following vine 
killing. 

It is known that the amount of tuber discoloration is affected by the 
rapidity of vine killing and the stage of vine maturity. Most workers (2, 
3. 4,6, 11, 12, 18, 19, 20, 24, 25) agree that a positive correlation exists 
between the rapidity of killing and the amount of discoloration but a 
report from Maine (23) indicated no correlation. More discoloration 
generally occurs (2, 11, 12, 13) when the vines are killed early but 
some workers (3, 4,6, 20) reported more injury when the plants approach 
maturity. In one instance (5) the date of killing was of no significance. 

These conflicting reports may be due to the fact that certain climatic 
conditions have a bearing on the amount of discoloration. According to 
Goss (9), high temperature and low soil moisture often cause a vascular 
discoloration of tubers in Nebraska in the absence of any causal organism. 
In lowa, Peterson and Gwinn (22) had an opportunity to compare the 
vine killing discoloration obtained during the hot, dry summer of 1949 
with the results obtained the following summer when temperatures were 
below and rainfall above normal. They reported vascular discoloration in 
1949 but not under the conditions that prevailed in 1950. Since vine 
killing practices have become established in) North Dakota, tuber 
discoloration has not occurred to any great extent except in 1946. There 
was a deficiency of rainfall that year, especially just previous to vine 
killing. Rich (24) stated that vine killing discoloration occurs more 
' Accepted for publication February 29, 1952. 

Publication approved by Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, United States Department of Agriculture; the North Dakota Agricultural 
Experiment Station; and the North Dakota State Seed Department. 

“Agent (Plant Pathologist), Bureau of Plant Industry, Soils, and Agricultural 
Engineering, United States Department of Agriculture; Plant Pathologist, North 
Dakota State Seed Department; and Associate Plant Pathologist, North Dakota 
\gricultural Experiment Station, Fargo, N. Dak 


: 
at 
| 
| 
ay 
i 
ay 
“ 
— 


AMERICAN POTATO JOURNAL |Vol. 29 


frequently im Washington and British Columbia than in eastern states 
and eastern Canada. Hovman (12, 13) and Kunkel ef al. (16) have 
evidence from vine killing field experiments that drought affects the amount 
ot discoloration. These results have been contirmed im = greenhouse tests 
by Callbeck (4). but Meadows (20) and the author were not able to 
obtain discolored tubers in greenhouse pot experiments where soil moisture 
was varied. Murphy (21) studied the effects of drought on potato tubers 
and listed 10 abnormalities that occurred im [reland during the dry summer 
of 1933. Among these were drought and heat necrosis characterized by 
the death of the vascular ring and surrounding parenchyma which turned 
volden vellow and later brown. Ina recent report (27) from Great Britain 
on potato haulm destruction, it was indicated that the vine killing discolor- 
ation reported from North America had never been observed there. 
experiments were conducted at Fargo, North Dakota, from 1947 
through 1951 to determine whether the amount of water supply during 
the growing season and the stage of vine maturity affected the amount of 
discoloration im tubers harvested from vines killed by chemicals or 


removed by cutting near the soil level. 


AND RESULTS 


IX PERIMENTAL PROCEDURI 


During the 5 vears. these experiments were in progress, the soil 
toisture supply was varied by growing the potatoes under the following 
conditions : 1) with natural rainfall, 2) with natural rainfall plus irrigation, 
3) on elevated soil with natural rainfall, and 4) m one vear on elevated 
soil with natural rainfall but with the soil covered with rooting paper. 
Phe plot was located at the North Dakota) Agricultural Experiment 
Station at Fargo, North Dakota, where the Fargo clay has a ligh capacity 
to furmish water to plants. During periods when there was a lack of 
sufficrent precipitation for normal growth, certain rows were irrigated. 

In order to provide conditions where the soil would have less moisture 
than normal, a bulldozer was used to make 6 elevated rows 18 to 24 inches 
high, 5 feet wide at the base and 50 feet in length. The elevated plantings 
for 1947 and 1948 were made on these rows but for the 3 > remaining 
vears they were made on 3 rows 3 feet high, 10 feet wide at the base 
and SO feet long. The assigned tract was 120 by 144 feet and the north 
half of this area was occupied by the elevated rows constructed from the 
surtace soilin this portion of the plot. The limited size of the plot did 
not pernut the desired replications and statistical analysis of the results. 

The certihed Triumph seed used for this experiment was obtained 
trom foundation seed growers in the western part of North Dakota. 
\lthough it was infected with virus X, it was free from other pathogens. 
except in 1947, when the planting was delayed until June 15, the seed 
was planted during May. Partial control of the common potato insects 
was obtared by using DDT dust. Fusarium and verticillium wilts were 
net present in the plot and the vines were killed each vear before the first 
killing frost. 

The dates of irrigation and vine killing are given in table 2. At the 
first dates of vine killing, the vines showed little. if any, signs of maturity. 
They were maturing at later killing dates but never to the extent that 
they were brown. Approximately 2 weeks after the vines were killed. 
the tubers were harvested and examined for discoloration. Because slight 
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TABLE 1.—JMonthly precipitation in inches and departure from normal at 
Fargo, North Dakota, during the growing seasons of 1947 through 1951. 


40-v1 
Month Mean 1947 1948 1949 1950 
May 2.89 1.84 
June 4.05 $0.52 1.76 
July 3.43 2 3.01 
\ug 2.89 10 2.47 
Sept. 22 0.08 


Total 15.48 5.3: vp 5.82 


stem-end discolorations may be caused by unknown factors, slightly 
discolored tubers were not regarded as being affected by the vine killing. 
If the discoloration extended a half inch or more from the place of stolon 
attachment, the vine killing symptom was more easily recognized (Fig. 
1) and recorded. .\ more characteristic symptom of this abnormality may 
be observed by peeling a severely affected tuber so that the discoloration 
pattern shown in figure 2 will be evident. The author examined all 13,007 
tubers included in the experiment in order to avoid any inconsistency im 
the manner the readings were made. In each of the 5 years the xylem 
discoloration was mostly confined to the stem end and seldom extended 
more than half the length of a tuber. Sometimes some of the vessels of 
a bundle were not discolored. Figure 3 shows a photomicrograph of an 
affected vessel. 


Stem-end discoloration. 


— 
1951 
1.260 
= 
—1.69 bi 
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Taste 2.--The relation of water supply and time of vine killing on 
tuber discoloration, 1947 through 1951]. 


Tubers Examined 


Year and Row Date Method of | Date of Per cent 

Row No. Treatment Irrigated Vine Killing Killing = Number Discolored 
1947, 1 Elevated KONO Y/] 92 50.5 
2 ” ” 85 10.5 
3 Elev. and ” 9/] 103 65.0 

covered 
4 ” ” 9/16 87 20.6 \ 
5 Normal Ad 9/] 115 95 
” ‘Ad 107 1.8 
7 Irrigated 7/28, 8/7, 8/18, 8/29 9/1 0.7 

& ” ” ” 9/16 131 1.5 
1948, ] Elevated Cutting 8/21 140 3.5 
3 ” 1.1 
4 104 28 
5 ” 106 
ra ” 35 
7 Normal dd ie 104 38 
10 Irrigated 7/20, 8/10, 8/21 
1949, ] Klevated Cutting 8/16 157 15.2 
2 ” &/26 171 42.6 
3 ” ve 9/6 176 23.8 
4 Normal ” 8/16 292 18.1 
5 ” ” 8/26 433 15.0 
6 ” 437 17.8 
7 Irrigated 8/13 ” 8/16 231 94 
R/% 3 3 3.5 
9 ” ” ” 9/6 420 97 
1950, 1 Elevated Cutting 8/13 167 4.1 
2 ” 8/25 241) 40.4 
3 ‘Ad 9/16 221 90) 
4 Normal Not cut 23 1.2 
5 29] 24) 
” 253 3.5 
7 Cutting 8/13 204 2.6" 
8 8/25 355 34.3 
9 Normal ” 9/16 273 5.4 
10 Irrivated 8/7 ” 8/13 214 2.8? 
11 8/7, 8/24 ” 8/25 384 0.7 
12 ” ” 9/16 200 5.5 
1951, 1 Elevated, Cutting 8/1] 419 58.4 
> ” 8/20 406 28.5 
3 Ad Ad Q/17 408 39.9 
4 Normal Not cut 408 98 
6 od Cutting 8/1] 444 6.3 
” ” 464 3.8 
” 532 90) 
9 Irrigated 7/24 al 8/11 399 &.2 
10 ” ” ” 8/29 503 6.9 
1! 17 504 6.3 


Potassium eyanate used at a concentration of 30 pounds per 100 gallons of water and 
applied until the foliage was thoroughly wet 
* Four inches of new vine growth when due 


if 
| 
| 


1952] =HOYMAN: RELATION OF WATER TO XYLEM DISCOLORATION 117 


Since physiological internal necrosis of potato (17) is more prevalent 
during seasons when temperatures are above normal, and drought and 
heat necrosis (21) occur under hot and dry conditions, soil temperatures 
in the differently-treated rows were recorded at various times during 
the course of the experiment. The readings were taken 8 to 10 inches below 
the soil surface. Since there was never more than 2°F. difference between 
the highest and the lowest temperature at any time the readings were 
made, soil temperature was considered to be of no significance inthis 
experiment. 


Fig. 2 


Discoloration pattern obtained upon peeling an affected tuber. 


No attempt was made to correlate the amount of soil moisture with 
tuber discoloration. Soil moisture determinations were made at 10-day 
intervals during one of the 5 summers, but they were discontinued in 
favor of precipitation data. Potato growers can make their own field 
observations with respect to moisture or obtain precipitation reports from 
their nearest weather station. Very few farmers would make soil moisture 
determinations. It was, therefore, thought advisable to study the relation 
of water supply to discoloration. 

The 40-year mean precipitation data and the monthly departures for 
1947 through 1951 given in table 1 were obtained from daily records 
provided by the United States Department of Commerce, Weather Bureau 
Station, Hector Airport, Fargo, North Dakota. This station is one-half 
mile north of the plot. A deficiency of precipitation at certain periods 
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Fig. 3.—Photomicrograph of discolored xylem vessel 


provided ideal conditions to test the hypothesis that drought previous to 
vine killing increases the amount of xylem discoloration. It was also 
possible to compare the results obtained when the precipitation approached 
the normal or was in excess of normal. In 1951, for example. August had 
an excess of 2.75 inches. 


The 1947 plot was planted June 15 and the vines in rows 1, 3, 5 
and 7 were killed with a rapid vine killer, potassium cyanate, September 1. 
\t this date the vines had not shown any signs of maturity. There was 
a departure of — 3.35 inches in precipitation for the 5-month period and 
most of this had occurred before August. August lacked only 0.40 inch 
of rain, 0.63 inch being recorded on the last day of the month, the day 
hetore the first vines were killed. .\ low percentage of discoloration was 
present in tubers harvested from normal and irrigated rows (5 and 7) but 
over one-half the tubers from elevated rows 1 and 3 were injured. Much 
less discoloration was present tubers harvested from vines killed 
September 16 but the percentage of injurv from the various treatments 
remained in the same order as for the earlier killing. The irrigated rows 
had the least injury after both dates of killing. 

\ departure of ——4.12 inches in precipitation occurred during the 
growing season of 1948 and 2.10 inches of this deficiency occurred during 
August. There was more than the normal precipitation in) June and 
July. All the vines were killed August 21, or 90 days after planting. A low 
percentage of discoloration was obtained this vear but the results were 
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consistent im that the least amount of injury occurred in tubers harvested 
from irrigated rows. 

The 1949 plot was planted May 14 and the treatments consisted of 
elevated, normal and irrigated rows. For July there was a departure of 
+1.52 inches but August lacked 1.70 inches when compared with the 
40-vear mean. The only precipitation from July 28 to August 16, the day 
the vines in rows 1, 4 and 7 were killed, was 0.04 inch July 31 and 0.26 
inch August 15. The expected discoloration was obtained in tubers trom 
the elevated and normal rows, but the greater injury anticipated in row 1 
than in row 2 did not develop. Approximately 3 times as much injury 
Was present in elevated row 2 in which the vines were killed 10 days 
later. The tubers from the irrigated rows had the least discoloration. 

From the precipitation data in table 1 for 1950, a Ingh percentage 
of tuber discoloration would be expected. The largest departure (—5.82 
inches) from normal occurred that vear and July and .\ugust each had 
only O42 inch of rainfall. The 1950 plot was planted May 30 and the 
vines in rows 1, 7 and 10 were cut August 13, or 75 days later. When 
these 3 rows were harvested 2 weeks later there was approximately 4 
inches of new vine growth. The low percentage of discoloration im the 
tubers from these 3 rows may be explained by the fact that the plants 
were not killed by cutting the vines at the soil level. 


With the exception of irrigated row 11, the tubers harvested from 
vines killed August 25 had a high percentage of injury and those from 
the 3 rows killed later (September 16) had the expected low percentage 
at discoloration. 


Another treatment of the vines was included in the 1950 experiment 
in order to learn more about the discoloration process. The vines on 
rows 4, 5 and 6 were allowed to grow until the tubers were harvested. 
The plants in row 4 were of normal green color when harvested on the 
same date (August 27) as rows 1, 7 and 10, but there was only 1.2 
per cent discoloration. Row 3 was harvested at the same time as rows 
2. 8 and 11 and row 6 on the same date as rows 3, 9 and 12. The 
very small amount of discoloration from these 3 uncut rows suggested 
that the sudden separation of tubers from the plants interfered with the 
discoloration process. The results from rows 5 and & were especially 
interesting. These rows were harvested September & and the row with 
vines intact showed only 2.0 per cent injury compared with 34.3) per 
cent in the row where the vines had been cut. Pulling up of the vines 
and reots would be a somewhat) similar treatment. Meadows (20) 
reported that this practice was the only method which was effective from 
the standpoint of avoiding vascular discoloration. 


The treatments in the 1951 plot were similar to those of the previous 
vear. The precipitation more nearly approached the 40-year mean than 
in other vears during the experiment. July had a departure of +0.34 inch 
and August an excess of 2.75 inches. The most precipitation during any 
24-hour period in August was 1.53 inches on the first day of the month. 
From August 1 to the first date of vine killing on .\ugust 11, 2.08 inches 
had been recorded. Considerable discoloration occurred in each of the 
elevated rows but the amount of injury in the other rows was low and 
approximately the same. 
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DiscUssION 


The results show that the amount of water supply previous to vine 
killing and the time of killing are factors causing xylem discoloration, and 
the data from the normally-treated rows should be of significance in 
predicting the occurrence of this injury. The precipitation for August is 
probably more important than for any other month and the amount of pre- 
vious precipitation should also be considered. Another factor is the capacity 
of the soil to furnish water to plants. The vears 1948, 1949 and 1950 each had 
a considerable deticieney of precipitation during August. The expected vine 
killing discoloration was not obtained from the normal rows in 1948, when 
a dehcieney of 2.10 inches occurred in) August. In 1949, the tubers 
harvested trom the normal rows had the expected discoloration, ranging 
from 15.0 to 18.1 per cent. In 1950, very little injury occurred in tubers 
harvested from the normal row (No. 7) on which the vines were cut 
\ugust 13. Removal of the vines at this early date did not cause the death 
of the remaining plants and new vine growth was present when the 
tubers were harvested. Vine removal August 25 caused 34.3 per cent 
tuber discoloration in row 8&8, but when the vines were cut 22 days later 
in row 9 the injury was only 5.4 per cent. 

In contrast with the 3 vears in which there was a moisture deficiency 
in August, the data in table 1 show that the precipitation for this month in 
1947 was approximately normal and departed +2.75 inches in 1951. li 
August) precipitation is an important factor in predicting killing 
discoloration, the years 1947 and 1951 provided an opportunity to compare 
the effect with the 3 moisture deficient years. In 1947, the vines in normal 
row 5 were killed September 1 and a low percentage of the tubers were 
discolored. Very litthe injury was present in tubers harvested from the 
other normal row on which the vines were killed 15 days later. A low 
percentage of vine killing discoloration would be expected in a year such 
as 1951 and the data from rows 6, 7 and & show that this was the case. 

To support the hypothesis that low soil moisture is an important 
factor causing vine killing discoloration, reterence should be made to the 
results obtained from the elevated and irrigated rows. Except for 1948 
and row | in 1950 with new vine growth, discoloration im the elevated 
rows Was consistently greater than that in the normal rows. The most 
injury during the 5 vears was 65.0 per cent in row 3 in 1947. This elevated 
row was covered with rooting paper to prevent the rain from being absorbed 
by the soil near the plants. The lowest percentage of discoloration was 
obtained in tubers harvested from the irrigated rows. According to the 
results from this experiment, vine killing discoloration should not be 
of much concern when irrigation is practiced properly. 

In most instances early vine killing caused the largest percentage of 
discoloration, In each of the 4+ row treatments in 1947 considerably more 
injury Was present in tubers harvested from the vines killed September 1 
than from those killed 15 davs later. In 1948, all the vines were killed 
on the same date. The +-1.52 inches of July rainfall in 1949 may have 
affected the amount of discoloration obtained in tubers harvested from vines 
killed August 16. In elevated row 1 the injury was approximately one-third 
as much as in the elevated row killed 10 days later. Early killing was of 
little significance in the amount of discoloration obtained in the normal 
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and irrigated rows. With the exception of rows 1, 7 and 10, which had 
new vine growth, the expected results were obtained from the 1950 vine 
killing experiment. In 1951, the percentages of discoloration were low in 
all except the elevated rows, and over one-half the tubers were injured in 
the elevated row killed first. 


SUMMARY 


In order to determine the relation of water supply to vine killing 
discoloration, Triumph potatoes were grown under the following 
conditions: 1) with natural rainfall, 2) with natural rainfall plus 
irrigation, 3) on elevated soil with natural rainfall, and 4) in one 
vear on elevated soil with natural rainfall but with the soil covered 
with roofing paper. 


The treatment producing the most xvlem discoloration was elevating 
the soil and covering it with roofing paper. This was followed by 
elevating the soil but leaving it uncovered. 
Phe vears 1948, 1949 and 1950 each had a deficiency of rainfall 
during August and with the exception of 1948 the expected tuber 
discoloration was obtained in the normally-treated rows. 
In 1947 the August rainfall was approximately normal and a departure 
of +2.75 inches occurred during this month in 1951. The expected 
low percentage of discoloration was found in the normally-treated 
rows during each of these years. 
A low percentage of discoloration occurred in the tubers harvested 
from the irrigated rows and from the rows where the vines remained 
until harvest. 
In most instances, early vine killing caused the most discoloration. 
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TUBER SYMPTOMS OF CALICO! 
C. M. 


Calieo, caused by Marmor medicaginis var. solani, is well known 
as a conspicuous but minor disease of potatoes. As indicated by its bi 
nonnal nomenclature the virus causes a similar disease of alfalfa. On potate 
fohage this disease causes strikingly bright yellow to clear white areas on the 
leaves. the clear white blotching usually occurring on the more shaded 
portuons of the foliage. 

In western Nebraska this disease is more prevalent in) proximity 
to helds of alfalfa, and is much more evident in irrigated areas where 
potatoes and alfalfa are alternated the crop rotations practiced. A 
rather high proportion of calicoed plants may often be seen in fields 
hearing the first crop of potatoes after several vears in alfalfa. 

Folage symptoms include more or less stunting of vine growth, varying 
from no noticeable lessening of foliage growth, and few chlorotic areas, 
to extreme dwarfing and yellowing. Severely affected hills resemble curly 
dwarf, except for the calicoed leaves. Field observations for a number of 
vears in western Nebraska, and field and greenhouse tests at Manhattan, 
' Accepted for publication December 13, 1951. 

Contribution No. 53, Department of Botany and Plant Patholog~. 
“Kansas State College ,.Manhattan, Kan. 


Fig. l—Symptoms of calico on potato tubers. Three diseased tubers and one disease- 
free (lower lett). Note cracking and corking at bud end, with colorless sector on 
upper right tuber. Abnormal flattening present but not shown in this illustration 
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Kansas, indicate that tuber perpetuated virus is responsible for the extreme 
dwarfing symptoms 

\ complex of tuber symptoms, not previously described in articles 
seen by the author, has been found associated with calicoed foliage. These 
tuber symptoms, illustrated in figure 1, although not uniformly present, 
can usually be seen on from one to several tubers in lightly infected 
hills, and on a majority of the tubers produced by severely affected plants. 
These tuber symptoms of calico in potatoes may be listed as follows : 


1. Reduction in size. Tubers from calico plants are smaller, the amount 
of dwarfing increasing with the severity of the disease. 


Reduction in length of tuber, so that it appears abnormally flattened. 
Gnarling or distortion of bud end of tuber. 

Cracking of bud end of tuber. 

Corking of bud end of tuber. 


Variegation. Lighter bands or sectors are occasionally seen in 
varieties having colored tubers. 


Of the tuber svmptoms of calico above listed, those most commonly 
present are dwarting, flattening, and gnarling or distortion of the bud end. 

The usually low incidence of tuber-perpetuated calico in the field 
may be partially explained by the fact that dwarfed and misshapen calico 
tubers are probably largely discarded in sorting and grading. Also, where 
roguing of seed fields 1s done, the conspicuous variegated calico hills are 
easily eliminated. 
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1952] VAN DER PLANK: DATURA FEROX, A TEST PLAN 


DATURA FEROX: A TEST PLANT FOR POTATO VIRUS Y!? 
J. E. Van per PLANK anv C. F. O'CoN Nor* 


Common Datura stramoninm (Jimson weed) is immune from potato 
virus Y. But /). ferox is susceptible and fills the need for a convenient, 
simple test for the virus both in the foliage and in the tubers. 

Symptoms are very clear and characteristic. They appear about 12 
days after imoculation, first as a clearing of the veins and then as a 
marked puckering, crumpling and distortion of the young leaves. These 


symptoms are remarkably constant. Strains of virus Y that give widely 


different reactions in potato are difficult to distinguish in /). fero.w, and 
no strain could be found so mild that it is carried without clear symptoms 
in 1). ferox. Potato virus C, a variant of Y, behaves like Y itself. 

Transmission occurs readily. When foliage is being tested, the sap 
is expressed in the usual way. In testing tubers, the skin is cleaned and 
a small patch rubbed off with coarse sand-paper. The wet abraded surface 
is then wiped over leaves of J). ferox that have been dusted with car- 
borundum. With fresh turgid tubers the release of sap is enough to give 
an adequately wet surface, but a drop of water or buffer solution may 
be used if it is needed. The leaves are then rinsed in the usual way. 

D). ferox is also susceptible to potato virus x. The symptoms are like 
these in J). stramonium or PD. tatula which are too well known to need 
description. The main difference is that svmptoms in /). ferow are a little 
more severe, and fewer strains of virus x are carried without symptoms. 
Generally, the presence of virus .x does not greatly interfere with tests 
for virus Y, unless the strain of virus X is very severe or lethal. To 
test for virus Y in the presence of strains of virus X lethal to Datura, 
the test plants should be inoculated 5 to 7 days beforehand with a mild 
strain of virus X. 

Nowadays, as the advantage of growing potatoes free from latent 
mosaic is becoming more apparent, the mass testing of foundation seed for 
virus X is becoming quite a common practice. Those who have been using 
D. stramonium or 1). tatula for this purpose would find it better to use 
D. ferox instead and by so doing test for both virus X and virus Y in one 
operation. 

LD). ferox is also susceptible to potato virus A by sap inoculation. But 
there is no possibility of confusing symptoms of viruses A and Y. Those 
of virus A are free from the puckering and distortion of the leaves, and 
take much longer to develop. 

D. ferox has a similar growth habit to 2). stramonixim and PD. tatula, 
and shares with them those characteristics which have made these species 
so popular as test plants for plant viruses. /). metel (from two sources ) 
and 1). meteloides (from a single source) were also tested and found to 
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susceptible to virus Y. They could possibly be used in place of 7). fero.x, 
but this has not been investigated im detail 
teal lor? it \ }, 195] 
‘Department \erculture, Pretoria, South At 
ERRATA 


In the April 1952 issue in the article entitled “The Certification of Potatoes 
for Seed in Canada,” in the fourth paragraph on page 87, the genus name of 
the flea beetle should be “//)ison\yc/u.” In the eighth paragraph, line 1 should 
read “45 varieties” instead of “41 varieties.” 


In the same issue in the article entitled, “Effect of Thiourea on the Number 
of Stems on the Tuber Set and on the Yield of Katahdin, Kennebec and Sebago 
Potatoes,” the word ‘ longer” on line 5, page 94 should read, “larger.” 


“My Gosh-he avast have 


Xe 


Summers Fertilizer on that one! . 


THE SUMMERS FERTILIZER CO., INC. 


Totman Building ® 210 E. Redwood Street 
BALTIMORE 2, MD. 


SPRAYING or DUSTING 
USE 
“OHIO SUPERSPRAY” HYDRATED LIME 


with a guaranteed fineness of 99'/2 °> passing a screen having 
105625 openings per square inch. It contains magnesium and 
calcium. Insures greater coverage and yields. 


OHIO HYDRATE & SUPPLY COMPANY 
WOODVILLE, OHIO 


Manufacturers of Various Forms of Lime 
and Limestone Products 
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O PETE SAYS: 


FOR DEPENDABLE CONTROL OF ALL BLIGHT 


Here’s Why Potato growers use more Triangle 
Brand Copper Sulphate than any 
#. GETTER YIELDS other product for dependable pro- 


of more No. 1 potatoes tection against all blight—early 


2. SIMPLER—CHEAPER and late. And — besides protection 

No “specialized” products needed at low Cost, oo actually get 

easy to prepare higher yields of No. 1 potatoes! 

Don’t take chances . . . get prac- 

| 3. BETTER CROP PROTECTION tically guaranteed control — use 
Backed by 50 years experience Triangle Brand! 


FREE! VALUABLE BOOKLETS 


“‘More No. 1 Potatoes” 
“Better Bordeaux Mixtures” 
“Basic Copper Sulphate” 


PHELPS DODGE REFINING CORPORATION 


Electrolytic Refiners of Copper 


40 Wall Street. New York 5, N. Y. 


POTAT 

TRIANG - 

COPPER 
a 

| 
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Just as they both belong for 
efficiency and economy in op- 
eration, so do minerals and 
fertilizers belong in your soil 
if optimum crop production is 
to be achieved. Soil starving 
for minerals cannot produce 
healthy, abundant crops. Just 
as minerals are essential to 
the health of the human body, 
so are they essential to the 
health of your soil. Soil poor 


SOIL APPLICATION 


ES-MIN-EL is now available in spray 
or dust form. If you haven't mineral- 
ized your soil you can feed these 
essential minerals to your plants 
through the leaves and stems — 
ES-MIN-EL spray or dust is a neutral 


TENNESSEE 


Atlanta, Georgia 


i 


in minerals cannot produc 
crops rich in vitamins. 
ES-MIN-EL contains the essen- 
tial mineral elements of Zinc, 
Copper, Manganese, Iron, 
Boron and Magnesium — all 
essential to healthy, produc- 
tive soil. Minerals are essen- 
tial — ES-MIN-EL contains the 
essential minerals — Mineral- 
ize with ES-MIN-EL now! 


Corp., Grant Building, Atlanta, 
Georgia or Lockland, Ohio. 


CORPORATION 


Lockland, Ohio 


TENNESSEE CORPORATION 
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Dusting potato field with Niagara C:0-C-S 
using a powerful Niagara Model AA Crop 


Liqui-Duster. 


Aw 


The end products of your harvest 
should be sound, good-keeping 
potatoes. Regular dusting with 
Niagara C-O-C-S is the positive, 
low cost way to bring in a premium 
crop. This superior material not 
only permits you to prevent blights 
but encourages the natural growth 
of life-giving potato plant foliage. 


Niagara 


Burlington, Ontario 


A Niagara C-0-C-S is a must! 


The better growers everywhere use 
safe, effective Niagara C-O-C-S. It 
mixes readily as a spray, flows 
freely as a dust and adheres to 
either dry or wet foliage. Just ‘‘ask 
the Niagara man” for advice as to 
timing and rate of application to 
gain maximum results. 


CHEMICAL DIVISION 
FOOD MACHINERY AND CHEMICAL CORP. 


MIDDLEPORT, N.Y. © Richmond, Calif. ¢ Jacksonville, 
Fila. Tampa, Fla. Pompano, Fia. New Orleans, La. 
Greenville, Miss. Harlingen, Tex. © Pecos, Texas 
Canadion Associates: NAAGARA BRAND SPRAY CO., LTD., 
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Make sure your 


row Crops PAY OFF! 


Michigan 


Growers report better protection with 


TRON AGE Row Crop Sprayers 


ATISFIED Iron Age users say: 

“Sprayed over 155 acres the full sea- 
son without putting a wrench to my 
pump”... “Iron Age saves me money 
because I never have any pump trouble” 
... “Get better coverage with Iron Age 
than any other sprayer!"’ Iron Age builds 


IRON AGE All-Purpose Sprayers 
Here's the true all-purpose sprayer—ideal 
for spraying cattle, fire fighting, disinfec- 
tant work, white washing, weed control, 
insecticide and fungicide applications. 


Iron Age makes general purpose sprayers 
in sizes and capacities for every need. | 


row-crop sprayers 1n all sizes and capaci- 
ties to meet every grower’s needs. The 
famous Iron Age pump takes a beating 
season after season, without breakdowns, 
delivers the high pressures needed for 
thorough coverage. See these sprayers at 
your Iron Age Dealer's. 


WRITE TODAY for complete information 
to: A. B. FARQUHAR CO., Farm Equipment Div., 
2901 Duke St., York, Pa. Branches in Colum- 
bus, Ga., Palo Alto, Calif., and Dallas, Texas. 


OLIVER CORPORATION 


YORK, PA. 


POTATO AND VEGETABLE PLANTERS +  TRANSPLANTERS 
SPRAYERS + DUSTERS + POTATO DIGGERS + WEEDERS 
MANURE SPREADERS + CONVEYORS WWICE PRESSES 


PLANT ANDO SPRAY TWE [RON AGE WAY 
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